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ABSTRACT 
Standardization of the body area for scale sampling for growth 
studies of fish becomes more essential if the a^value in the Fraser-
Lee equation is to be standardized aa suggested by Carlander (1982). 
In a study on yellow perch CPerca flavescens) from West Okoboji Lake 
and Clear Lake in Iowa, the body area located at the tip of the 
pectoral fin below the lateral line was found to be the best area for 
scale sampling. This area exhibited the lowest variability in scale 
size and the lowest frequency of regenerated scales of the 10 areas 
sampled. The optimum number of scales to be sampled from the best 
area was three scales if at least one readable scale is sought. No 
significant difference in the body-scale relationship was found 
between sexes nor among the four seasons in which fish were sampled. 
There was a significant difference in the a value of the regression 
equation between West Okoboji and Clear Lake samples. The number of 
scales along the lateral line did not differ significantly among 
various fish lengths nor between sexes or the two sampled 
populations. The scale shape (scale radius/diameter ratio) changed 
in young fish as the fish grew in length until a total length of 
about 100 im was reached, beyond which the scale shape remained 
constant. This feature of change in the scale shape contributes to 
curvilinearity in the body-scale relationship in young fish. Key 
scales sampled in two previous studies varied more in scale radius 
and in body-scale relationship than scales sampled from the best*area. 
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I. INTRODUCTION 
The scale method remains the most popular means of estimating 
age and calculating growth of fishes. One of the most useful 
applications of this method to fishery managers is to determine rates 
of fish growth through the application of the body-scale relationship 
equations. Geologists relate the characteristics of fish growth to 
the ecological factors in the fish environment. 
Many formulas have been used by various workers to express the 
fish length-scale length relationship, the first and most commonly 
used of these is the Dahl-Lea formula. This formula assumes a direct 
and constant proportional relationship between the fish growth in 
length and scale growth in radius with a zero intercept. The second 
formula is the Fraser-Lee formula which introduces a correction factor 
into the Dahl-Lea formula, adjusting for the fact that scales appear 
on the body of fish only after the fish has attained a certain length. 
The third type of formula, and the one most widely used recently, is 
the regression method in which the computer is used to fit a 
regression to the data at hand, and then calculate the lengths by 
inserting the scale measurements at each annulus. 
With the application of the Fraser-Lee or the regression 
formula, a major problem arises where the correction factor 
introduced (intercept ^ value) or the body-scale equation differ 
according to the body area from which scales are sampled. 
Differences in the body-scale relationship, resulting from 
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differences in the area of the fish body from which scales are 
sampled, have been reported by Dannevig and Host (193T), Phillips 
(1948), Carlander (1950a), Mansueti (1960), Paul (1968) and 
Scarnecchia (1979). Carlander (1981a, 1982) suggested the use of a 
standard proportional equation in which a standard intercept, à, 
value is used for each fish species. Since the a value differs 
according to the area from which scales are sampled, standardization 
of the à value has to be in conjunction with standardization of the 
body area for scale sampling. So far, only a few workers have tried 
to select the "best" body area for scale sampling. Those who did, 
used limited data or used subjective criteria for the selection. 
Yellow perch (Perca flavescens Mitchill) is one of the most 
important and widely distributed food fish in the northeastern United 
States and southeastern Canada (El-Zarka.l959). Yellow perch was 
selected for the present study because this fish is abundant in two 
Iowa lakes. West Okoboji and Clear Lake, and fish of this species are 
relatively easy to catch (Bergstedt 1977, Schmitt 1981). The 
objectives of the present study were: (1) Find the "best" area on 
the fish body to sample scales for growth studies of yellow perch 
using the two main criteria: homogeneity in scale sizes within the 
area and least occurrence of regenerated scales. (2) Find the 
optimum number of scales to be sampled so that a certain number of 
readable scales is obtained. (3) Determine the role of the following 
factors on the body-scale relationship: sex of the fish, season of 
collecting samples, and population differences. (4) Test any change 
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in scale size that might not be proportional to change in body length 
due to a possible change in the number of scales along the lateral 
line or a possible change in the shape of scales (scale radius/ 
diameter ratio) as the fish increase in length. (5) Test the 
previous practice of "key" scale sampling. 
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II. REVIEW OF LITERATURE 
A. History of the Scale Method and 
Development of the Body-Scale Relationship 
The earliest scale investigators were concerned primarily with 
the development, structure, and chemical composition of scales and 
their relation to taxonoiny (Van Oosten 1929). Critical analysis and 
broad review of the scale method are provided by Creaser (1926), 
Graham (1929), and Van Oosten (1929). In the following discussion» 
the references to Leeuwenhoek (1686), Hoffbauer (1898), Walter 
(1901), Dahl (1910), Lea (1910), Fraser (1916), Lee (1920), and 
Sherriff (1922) are cited from Van Oosten (1929). 
The first use of scales to determine the age of fish was by 
Leeuwenhoek (1686) who counted the number of "circulus lines" on the 
scales of carp to measure the age of fish in years. The first 
worker who found a direct relationship between the distances that 
separate the annuli and the rate of fish growth in weight was 
Hoffbauer (1898), and, with the rate of fish growth in length,, was 
Walter (1901). The examination of scales as a general method for age 
determination in fish then became well-established, and the validity 
of the annul us as a true year mark has been proven for many fish 
species. 
The idea that synchronous growth of body and scale might offer 
a means for estimating past growth of fish was suggested by several 
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workers in the first decade of this century. Reviews of many of the 
body-scale equations that have been used by different authors are 
provided by Schuck (1949), Lagler (1956), Nile (1970), Chadwick 
(1976), Jonsson and Stenseth (1976), Bagenal and Tesch (1978), 
Duncan (.1980) and others. A brief account of the major types of 
body-scale equations will be given here, as most equations will be 
applied to the yellow perch data in the Results and Discussion. 
Lea (1910) defined the body-scale relationship as a constant 
ratio and applied it to the herring (Clupea harengus) by the 
following direct proportion equation: 
1=1-11 
Lc ' Sc 
or L = bS 
where Li and Si are the length of fish and length of scale at the 
ith annul us, Lc and Sc are the lengths of fish and scale at capture 
respectively, and b is a constant. Dahl (1910) applied the same 
equation to the Atlantic salmon (Salmo salar). This equation, known 
as Dahl-Lea equation, has been used extensively by various workers 
in growth studies of several fish species. 
With the Dahl-Lea formula, discrepancies were detected in the 
calculated sizes of fish at younger ages when the scales were derived 
from older fish. This discrepancy became known as Lee's phenomenon 
since Rosa Lee was the first to describe the apparent decrease in 
early growth of older fish. Several reasons have been assigned to 
explain the occurrence of Lee's phenomenon, and a correction factor 
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was introduced by Fraser (1916) and by Lee (1920) into the Dahl-Lea 
equation to eliminate it as follows: 
Li - a _ Si 
Lc - a Sc 
or Li = a + ^ x Si 
ÔÏ* Li = a + bSi 
where a and b are constants. This use of a correction has been 
designated as the Fraser-Lee method. Ricker (1973, 1975) recommended 
using the geometric mean regression (GM) rather than the least 
squares predictive regression, which has usually been used. 
Segerstrale (.1933, cited in Hi le 1970) plotted the body-scale 
relationship using "key" scales (or scales selected from the same 
location on each fish) and fit art empirical curve, without attempting 
to give it a mathematical form. He applied the derived curve for 
back calculating growth by using a nomograph. 
Sherriff (1922) described the body-scale relationship of herring 
by the following parabola (a binomial relationship): 
L = a + bS + cs2 
where c is a third constant. Carlander (1950b) found the body-scale 
relationship of the sauger (Stizostediop canadense) and yellow perch 
to be best fit by the following third degree polynomial: 
L = a + bS + cS^ + ds3 
where d is a fourth constant. Jonsson and Stenseth (1976) applied a 
fourth degree polynomial to fit the body-scale data of the brown 
trout CSalmo trutta) as follows: 
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L = a + bS + cS2 + ds3 + eS* 
where e is a fifth constant. Monastyrsky (1930, cited in Hi le 1970) 
used the equation: 
L = aSn 
or logL = loga + n logS 
where a and n are constants. Fry (1943) modified this equation to 
read; 
log(L - a) = logb + nlogS 
Monastyrsky described and illustrated a nomograph with two 
logarithmic scales, and Segerstrale (1933, cited in Hile 1970) used 
another one for his empirically-derived body-scale relationship. 
Other types of nomographs have been described by Carlander and Smith 
(.1944), Schuck (1949), Hile (1950), and Grice (1959). Prior to 
invention of computers, the nomographs had many advantages over hand-
operated desk calculators or slide rulers. 
With development of fast computers and canned programs, a new 
era has arrived in calculating fish growth. Computer programs have 
been designed to calculate fish growth through application of Fraser-
Lee equation by Gerking (1965), Frie (1982), Chadwick (1966), and 
others. Mason (.1974) and Fawell (1974) described scanning devices 
that can detect annuli and measure scales. These can then be 
connected with computors to calculate growth histories. Computer 
programs have been prepared to express the body-scale relationship by 
the "best fit" regression. The regressions are often used in a 
predictive manner, substituting scale measurements into the equations 
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to calculate the corresponding lengths. Lagler (1956)' and Carlander 
(1981a) cautioned against this practice. Carlander referred to this 
practice as the regression method in contrast to the traditional or 
proportional method. 
B. Intercept, a. Value 
The constant, value in the aforementioned equations was 
identified bM=@e (1920), Fry (%943), Carlander and Smith (1944), and 
others as the length of fish when the scales first formed. For others 
(e.g., Monastyrsky 1930, cited in Hile 1970, Hile 1970), the Rvalue 
is just a correction factor. Several workers (e.g., Everhart 1950; 
Proffitt 1950, cited in Regier 1962; Regier 1962) have indicated that 
the £ value may vary considerably with the body area from which scales 
are sampled. The a value was lowest when scales were sampled from the 
caudal peduncle and highest if taken from the anterior body areas 
(Proffitt 1950). Accordingly, the back-calculated fish lengths at 
earliest years would decrease as sampling of scales proceeds forward 
along the fish body if no correction factor is used, or if only one 
correction factor is used in the equations for all body areas. The 
pattern of squamation chronology on the fish body was revealed by 
studies on young yellow perch by Pycha and Smith (1955) and on other 
fish, for example bluegill (Lepomis macrochirus), walleye 
(Stizostedion vitreum). and white crappie (Pomoxis annularis) by 
Regier (1962), Priegel (1964) and Siefert (1965), respectively. All 
these studies have indicated that scales first appear on the caudal 
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peduncle and then proceed forward, dorsally and ventrally. The 
results of the above works suggest two interconnected phenomena: (1) 
fish length is lower when calculated from scales sampled from the 
anterior body areas if the correction factor is not used*, and (2) 
scales on the anterior body areas are lacking some part of the early 
life history of the fish. Some discrepancies in calculated growth of 
fish were related to inconsistency in sampling scales from a given 
body area. As a result, standardizing the area from which scales are 
sampled for age and growth studies of fish has been recommended. 
The a, values that have been determined for yellow perch were 
almost as numerous as the number of studies that were done to 
calculate them. In such studies, the ^ values ranged between 17-48 
mm (Carlander 1982). The differences in the £ values could be 
attributed to the procedure of obtaining and measuring the scales, to 
variations in body-scale regressions particularly when calculated 
from inadequate samples, and to actual differences, if any, between 
populations. Carlander (1982) claimed that differences among true 
body-scale relationships are less than is indicated in the values now 
being used. For this reason, Carlander called for the 
standardization of the ^ value to be used for calculating growth of 
each species. Ricker (1942), McCaig and Mullan (1960), and Regier 
(.1962) used standard a values derived from other populations, but 
Hile (1970) and others have cautioned against such use. 
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C. Body-Scale Relationship of Yellow Perch 
Nile and Jobes (1941) and Jobes (1952) calculated two body-scale 
ratios for two length groups of the same population of yellow perch, 
in each case by using measurements of "key scales". They represented 
the body-scale relationship by a straight line that passes through 
the origin. A correction factor was used in both studies to 
"compensate for the disproportionate growth of small fish." 
Carlander (1950b) described the body-scale relationship for 
yellow perch from Lake of the Woods by two parabola, one fitted to 
data for 50 to 150 mm. standard length (SL) and the other to data for 
smaller (down to 19 mm) and larger (up to 289 ram) fish. Parsons 
(1950) used the least square method to draw a stragiht body-scale 
relationship for yellow perch of Clear Lake by the equation SL = 
19.5 + 0.99S and used the nomograph described by Carlander and Smith 
(1944) for back calculation of growth. Joeris (1956) and El-Zarka 
(1959) calculated body-scale relationships of yellow perch of Green 
Bay and Saginaw Bay, respectively, using key scales, from above and 
from below the lateral line. In each case, the authors used the 
least square method to determine the intercept a value and 
incorporated it into the Fraser-Lee equation to back calculate 
growth. For key scales derived from above the lateral line, the & 
value was approximately 20 mm as determined by Joeris and 30 mm as 
determined by El-Zarka. But when the scales were derived from below 
the lateral line, the ^ value approximated zero in both populations. 
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Among the workers who expressed the body-scale relationship by a 
straight line using the regression method (least squares fitting) 
were Gammon and Hasler (1965), Jennings (1970), Knutson and Peterka 
(1970), and Heyerdahl and Smith (1971). 
In the several works mentioned above, there was no consistency 
in use of certain body areas for scale sampling, scale dimension 
measured, body length, or magnification power of scale reading. 
Therefore, comparisons between the results must be made cautiously, 
recognizing that differences may not all indicate differences in 
growth rates. 
D. Body Area from which Scales were sampled 
Lea (1910) noticed that in back-calculating herring length 
from scales, the lengths of fish in their first year of life 
increased as scales were sampled along the side of the body towards 
the tail. Huntsman (1918, cited in Van Oosten 1929) examined scales 
from six different body areas in his study of growth rates of four 
species of fish. He found that scales from the caudal region gave 
considerably greater values for LI than scales from the pectoral 
region. Huntsman's discussion was brief and was concerned with 
nomographic calculations of growth to compensate for differential 
growth in scales according to their locations on the body. Thompson 
(1924, cited in Van Oosten 1929) and Dannevig and Host (1931) 
attributed part of the differences between observed and calculated 
lengths of fish to selection of scales from various body areas. 
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Van Oosten (1929) demonstrated that the variation in calculated 
growth was least when scales were taken from the same body area. He 
restricted his sampling of scales to between the dorsal fin and the 
lateral line. 
Many investigators sampled scales from a broad area and used 
their "personal" judgement of which area was best for scale sampling, 
but few gave critical reasons for making the choice. Hi le (1931) 
sampled scales from a wide nonspecified area. He mentioned that 
"scale samples were taken from the anterior region near the lateral 
line." In other instances. Hi le (1932, 1936) sampled scales from 
"the mid region of the body immediately above or below the lateral 
line." Later, Hi le (1970) called for scale sampling from a well 
specified area. 
Some workers preferred to sample scales from above the lateral 
line, others from below it. Lagler (1956) suggested that scales 
should be sampled from above the lateral line in soft-rayed fish, 
and from below the lateral line in spiny-rayed fish. Joeris (1956) 
gave four advantages in using scales from above the lateral line 
over those below, which included: scale readability, definition of 
circuli, and low incidence of accessory checks (false annuli); a 
disadvantage of the first annulus being weakly defined. Chadwick 
(1976) found a second disadvantage of scales from above the lateral 
line in that those scales are inconsistent in size. Hi le and Jobes 
(1941) and Jobes (1952) found that scales below the lateral line 
gave satisfactory results. El-Zarka (1959), however, mentioned that 
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both scales from above and below the lateral line gave equally 
satisfactory results when he applied a different equation to each set 
of scales. 
A large number of different body areas have been chosen for scale 
sampling of yellow perch by various workers, for example; middle of 
the body below the lateral line (Harkness 1922); left side of fish, 
below the lateral line and about midway between tip of snout and base 
of caudal fin (Jobes 1933); left side of fish near middle of the body 
and just above the lateral line (Schneberger 1935); below the lateral 
line directly under the spiny-dorsal fin (Smith 1939, Beckman 1949, 
Jobes 1952, Heyerdahl and Smith 1971, Muncy 1962); halfway along the 
length of the body midway between the lateral line and the dorsal 
region (McCabe 1946); below the lateral line near the pectoral fin 
(Nakashima and Leggett 1975); below the lateral line at the tip of 
pectoral fin (Carlander 1945, Knutson and Peterka 1970, Bergstedt 
1977, Schmitt 1981); above the lateral line below the dorsal fin 
(Brown 1960); and left side of the fish 2 to 4 rows below the 
lateral line and below the origin of dorsal fin (Jennings 1970). 
Locations of the major body areas of yellow perch that have been 
selected for scale sampling by several workers are located in 
Figure 1. 
Figure 1. Five body areas that have been previously selected for scale sampling 
from yellow perch 
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E. Regenerated Scales 
Regenerated (or replacement) scales are so named because they 
have replaced lost scales (Ryder 1884, cited in Van Oosten 1929; 
Scott 1912; Creaser 1926). A regenerated scale has characteristic 
features which make it easily identified. For example, it has an 
expanded center (or plate) which is thinner than the original scale 
and lacks the typical sculpturing (Hile 1931, 1936). Growth beyond 
the inner regenerated center is normal. Size of the regeneration 
center depends on the size of the original scale that was lost. 
Regenerated scales are, obviously, worthless for age and growth 
studies and are discarded from the sample. Van Oosten (1929) 
discussed the significance of the regenerated scales as one of the 
irregularities which added a problem in using the scale method. 
It has been noticed (first by Steenstrup 1961, cited in Van 
Oosten 1929) that scales of fish once formed persist during the 
entire life of the fish. If a scale becomes detached by an external 
factor (for example, nibbling by other fish, scratching by objects, 
injury, or infestation by a parasite), germinative cells in the scale 
pocket will quickly produce another scale (regenerated scale) to 
cover the exposed portion of the skin. Regenerative changes in cell 
structure following loss of scales have been documented by Neave 
(1940). In the process of scale regeneration, the number of scales 
is not affected but overlapping of scales may increase in the spot of 
injury as suggested by Van Oosten (1929). 
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Parsons (1953) reported a high incidence (82%) of regenerated 
scales in redeye bass (Micropterus coosae). He found that the 
frequency of scale regeneration increased with age and that all body 
areas are subjected to scale loss and replacement, but Moring et al. 
(1981) could not detect significant differences in the proportion of 
regenerated scales as related to age or length. Tesch (1976) found 
that up to 73% of the scales of the brown trout (Salmo trutta) were 
regenerated. 
To obtain an adequate number of normal "readable" scales, the 
researcher has to collect, in some instances, more scales than 
otherwise needed. For example Parsons (1953) had to sample 50 scales 
from the redeye bass; Scarnecchia (1979) sampled 30 scales from each 
coho salmon (Oncorhynchus kisutch); Jonsson and Stenseth (1976) 
sampled 200 scales from land-locked brown trout to get 8 to 10 
readable scales; and Moring et al. (1981) sampled 50 scales from the 
cutthroat trout (Salmo clarki). Moring et al. drew a mathematical 
relationship between the percentage of regenerated scales and the 
total number of scales that should be sampled from every fish of a 
distinct stock of cutthroat trout in order that at least 3 scales 
be readable. No similar studies have been done on any population of 
yellow perch. Two other factors that might guide the ultimate number 
of scales that should be sampled from a fish include the variability 
in the scale measurements (if too many scales are to be collected 
from an area there is danger of taking scales from neighboring areas 
and increasing the variability in size and shape) and whether the 
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fish is to be sacrificed or returned back to the water. 
F. Effect of Sex, Season of Sampling 
and Different Populations on 
Body-Scale Relationships 
Several studies (e.g., Hile and Jobes 1941, 1942; Carlander 
1950b; El-Zarka 1959) have indicated that the rate of growth of 
female yellow perch is faster than that of males. However, fewer 
studies have tested for possible differences in the body-scale 
relationship between both sexes. Jobes (1952), Knutson and Peterka 
(1970), Heyerdahl and Smith (1971), studying age and growth of 
yellow perch from Lake Erie, Lake Ashtabula and Lake of the Woods, 
respectively, found no difference in the body-scale relationship 
between males and females, and thus the data on both sexes in each 
case were combined for both sexes to derive one relationship. 
Carlander (1981b) mentioned that there are several studies (not 
cited by him) that have shown a difference in body-scale 
relationships between males and females of various species. 
Carlander attributed such differences to inadequacy of sampling, 
because those studies did not include small, immature fish. 
If growth of scale and body length are not synchronous 
throughout the year, the body-scale relationship may vary with the 
season or the stage of growth. Richer (1942) stated that "a study 
should be made of possible seasonal variations in this (body-scale) 
relationship; such variation, if present, might reconcile the 
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divergent findings now in the literature." Jobes (1952) reported no 
evidence of seasonal lag in scale growth of yellow perch. Hi le 
(1970) wondered about a possible bias in the synchrony between the 
growth of fish and scale, for fish collected on a sequence of dates 
in the growing season, particularly early in the growing season. 
Carlander (1981b) suggested that the seasonal factor on body-scale 
relationships requires more detailed study, however, he suggested 
that the possible lack of synchrony is not large enough to greatly 
affect body-scale relationships. 
Little work has been done to test for possible differences in the 
body-scale relatiosnhip between different populations of a species. 
Segerstrale (1933, cited in Hile 1970) and Nile (1970) suggested the 
investigator has the option to fit whatever he finds suitable as a 
body-scale curve for each case separately according to what his data 
might suggest to him. Hile and Jobes (1942) applied a body-scale 
curve derived from Saginaw Bay yellow perch data to the Green Bay 
population because the authors beli&ved the difference between the 
two populations was not large. Joeris (1956) claimed that among 
fish of the same length, the scale radius did not vary significantly 
with age, sex, locality, or date of capture. Longhurst (1958, 
cited in Paul 1968) described growth differences between two 
populations of the snapper (Chrysophrys auratus) and suggested racial 
distinction, but Paul (1968) who worked on the same populations, 
found no significant body-scale relationship differences between 
them. Hile (1970) suggested that the body-scale relationship should 
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be described from the population studied (provided that an adequate 
sample is secured for this purpose). He also warned that "it is 
dangerous to apply to a stock, a body-scale curve derived from 
another population of the same species." 
It would be difficult to compare the body-scale equations that 
have been published on the different populations of yellow perch, 
since the techniques of collecting and analyzing the data are mostly 
different in different sucdies. Carlander (1950a, 1981a, 1982) 
attributed most differences in body-scale relationship between 
populations of fish to inconsistency of techniques and inadequacy of 
samples, not to actual differences. The roles of three factors (sex, 
season of sampling, and different populations) were examined in the 
present study. 
6. Number of Scales in the Lateral Line 
and the Scale Radius/Diameter Ratio 
Among the major factors that may affect the assumption 
underlying the scale method (that the growth rate of scales is 
directly proportional to the growth rate of fish in length) are the 
number of scales along the fish length; the degree of scale overlap; 
and the ratio between the scale radius and diameter, since the number 
of scales and the degree of their overlap affect the size of the 
scale, and the scale radius/diameter ratio affects the scale shape 
(especially along the anterlo-posterior axis). The number of scales 
along the length of the fish is Indicated by the number of scales in 
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the lateral line, including pored and unpored scales to the end of 
scalation. 
It has been assumed by many workers (e.g., Thompson 1924, cited 
in Van Gosten 1929, Hile 1932, Jobes 1952, Carlander 1982) that the 
number of scales in the lateral line does not change much as the fish 
grows. Van Gosten (1929) reported that the number of scales in the 
lateral line varied significantly in the lake herring with size of fish 
but not with sex or age. Van Gosten, however, mentioned some other 
factors that might have affected the change in the number of scales 
with fish size, which are: (1) accuracy in counting scales in smaller 
fish, and (2) larger fish of the same age groups may need more scales 
to cover their bodies. No practical proofs have been made to test 
these two assumptions. 
Mottley (.1931) found that the number of scales in some trout 
were fewer than normal when the trout eggs and fry developed in 
warmer water. Hubbs (1941) described a case of increase in the 
number of scales during the fish growth. The number of scales in the 
lateral line of yellow perch was indicated in the range of 57 to 62 
by Herman et al. (1959) and 51 to 61 by Scott and Grossman (1973). 
The degree of overlap between scales on the fish body has not been 
investigated. 
The radius of the ctenoid scale is the most commonly measured 
and used dimension in calculating fish growth. The scale radius is 
most often measured along the anterio-posterior axis from the focus 
to the anterior margin of the scale. Carlander (1982) described 
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this dimension as most closely related to length of fish. Vancil (1982, 
Dept. of Animal Ecology, ISU, personal communication) proved that the 
anterio-posterior radius, among radii measured at other angles, gave 
the most consistent measure of back-calculated growth of walleye. 
Scales first appear as separate papillae, then they become 
platelets (Neave 1940, Van Oosten 1957). After they overlap, it is 
assumed that scales grow in direct proportion to fish length. No 
previous study has followed the change in the scale radius-diameter 
ratio along successive lengths of fish. 
H. "Key" Scale Practice 
In an attempt to minimize the discrepancies in the calculated 
growth of fish due to sampling scales from various body areas, some 
researchers have restricted scale sampling to only one or a few "key" 
scales from a well defined location on the fish body. Key scales 
were primarily used for calculating the body-scale ratio and not for 
mere determining of age of fish. 
The first record of using the key scale method was found in the 
work of Lea (1910). Lea located the key scales on the marine 
herring and called them "corresponding or x-scales" by means of 
their position on a definite nyomere of a definite scale row. Later 
on, Van Oosten (.1929) failed to find such scales according to Lea's 
description on the body of lake herring (Leucichthys artedi). 
In some studies, key scales have been sampled from certain 
areas on the fish body in accordance with location of fins, but not 
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by counting the number of scales back to position of key scales. Van 
Oosten (.1929) selected key scales from lake herring from the "fourth 
longitudinal row above the lateral line from the vertical drawn 
through the base of the first ray of the dorsal fin." However, Van 
Oosten found a large variation in the body-scale ratio when using 
"key" scales or non-key scales. Everhart (1950) sampled two key 
scales one from the pectoral region and one from the caudal peduncle 
of the smallmouth bass (Micropterus dolomieu). 
In other studies, workers have sampled key scales by counting 
scales along the lateral line and then up or down. Lagler (1956) 
described key scales as "identical scales or the same scale on each 
fish of the series as determined by counts along the lateral line 
and then so many above or below it." In only a few studies, the 
authors %Hile 1941, Pycha and Smith 1955) located scales in the 
manner described by Lagler. Hi le, in his study of the rock bass 
(Amploplites rupestris), collected key scales from "the second row 
above the 12th lateral line row." Pycha and Smith collected key 
scales from "the second row of scales ventral to the 12th and 14th 
lateral line" from the yellow perch. 
Key scales have been sampled from yellow perch for growth studies 
by Pycha and Smith 0955), Joeris (1956), El-Zarka (1959), and 
Chadwick (1976) by locating the key scale in relation to position of 
the first dorsal fin and lateral line. Joeris (1956) and El-Zarka 
(.1959) sampled two key scales from each perch. The first key scale 
was sampled "from the second row above the lateral line that fell 
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immediately below the insertion of the first dorsal spine", and the 
second key scale vas sampled "from the third row below the lateral 
line on the left side of the fish directly beneath the sixth spine 
of the dorsal fin." Chadwick (1976) described the key scales as 
"located in the second row below the lateral line in a row extending 
posteriorly from a perpendicular dropped at the fourth dorsal spine." 
The two locations from which the two key scales were sampled from 
yellow perch in the present study are demonstrated in Figure 2. This 
review of the key scale practice indicates not only how difficult it 
is to locate a particular key scale on the fish body but also the 
inconsistency among various workers in sampling key scales. 
Figure 2. Location of two "key scales" previously sampled from yellow perch 
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III. MATERIALS AND METHODS 
A. Collection of Fish Samples 
Samples of yellow perch were collected during spring, summer, 
and fall of 1981, winter of 1981-1982, and summer of 1982 from West 
Okoboji Lake, Dickinson County, and during the summer seasons of 
1981 and 1982 from Clear Lake, Cerro Gordo County, Iowa. Morphology 
and limnology of West Okoboji Lake are described by Birge and Juday 
0922, cited in Parsons 1950) and by Bachmann and Jones (1974), and 
of Clear Lake by Bailey and Harrison (1945) and by Pearcy (1953). 
Gill nets of various lengths and depths with mesh sizes ranging 
from 19 to 38 mm (bar measures) were used to collect yellow perch 
samples. Lines and hooks baited with live bait were used to obtain 
the winter sample through ice fishing. Some of the fish were 
obtained from fishermen on the lake. To ensure that young of the 
year yellow perch were included in the samples, minnow seines (4 m 
length, 1.3 m depth, and 4 mm mesh size) and unbaited fish traps were 
employed. 
Total lengths (from tip of snout to tip of tail with the two 
forks of tail squeezed together) and fork lengths (from tip of snout 
to the point where the two forks of tail diverge) were recorded in 
pencil on a paper slip inserted into the fish's oral cavity before 
the fish were preserved in 10% formalin solution. Sex of fish was 
determined by internal examination of the gonads; young of the year 
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fish were not assigned to sex. 
B. Collection and Measurement of Scales 
As soon as the fish were transported to the lab, samples of 
scales from each fish were obtained as follows: Four scales were 
sampled from each of body area 1 through 8 (Figure 3) in the first 
sample of fish (spring sample). In subsequent samples of fish, only 
scales from areas below the lateral line (areas no. 3, 4, 6, 8, 9, 
and 10) were sampled and examined. The decision to exclude the areas 
above the lateral line from further analysis was based on the 
finding that these areas contain more variable scales than the areas 
below the lateral line. In the subsequent samples of fish, areas 
numbered 9 and 10 were added to the list of areas to be sampled for 
further comparison. 
The description of the exact locations of all the body areas 
that were chosen for scale sampling is as follows (figure 3): 
Area no. 1. Located just above the lateral line and vertically 
below the first spine of the first dorsal fin. 
Area no. 2. Located two to five rows of scales below the lateral 
line and vertically below area no. 1. 
Area no. 3. Located just above the lateral line and vertically 
below the middle of the first dorsal fin. 
Area no. 4. Located two to five rows below the lateral line just 
at the tip of pectoral fin when it is depressed on the 
body surface. 
Figure 3. The 10 body areas used for scale sampling from yellow perch in the 
present study 
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Area no. 5. Located just above the lateral line and vertically 
below the anterior portion of the second dorsal fin. 
Area no. 6. Located two to five rows below the lateral line and 
vertically below area 5. 
Area no. 7. Located just above the lateral line on the middle of 
caudal peduncle. 
Area no. 8. Located just below the lateral line and vertically 
below area 7. 
Area no. 9. Located three to five rows vertically below area 4. 
Area no. 10. Located three to five rows vertically below area 6. 
In every case, scales were sampled from an area without choosing any 
scales in particular. 
Two "key" scales that had been sampled previously by other 
workers were sampled here from every fish of the spring sample. The 
exact location of the two key scales (Figure 2) is as follows (based 
on Joeris 1956, El-Zarka 1959): 
Key scale no. 1 (KSl). Sampled from the second row above the 
lateral line, vertically below the insertion 
of the first dorsal fin. 
Key scale no. 2 (.KS2). Sampled from the third row below the lateral 
line, directly below the sixth spine of the 
first dorsal fin. 
At the same time when the two key scales were sampled, the number of 
vertical scale rows (denoted by counting the number of lateral line 
scales) was counted from the anteriormost origin of lateral line 
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scales back to the position of each key scale. Because it was 
discovered that the scale count to the position of KSl ranged from 
4 to 7 scales and the count to the position of KS2 ranged from 7 to 
12 depending on the fish length, scales 4 to 7 in the position of 
KSl and the scales 7 to 12 in the position of KS2 were sampled. The 
variability in the sizes of these key scales was then compared with 
the variability in the scale sizes of area no. 4. 
Key scales and scales of the various body areas were sampled 
from the left side of the body unless the scale had been lost from 
a particular position. In such a case, scales were sampled from the 
corresponding spot on the right side of the body. The scales were 
removed using forceps, dried and cleaned from preservative solution 
and any debris using tissue paper, then dry mounted between two glass 
slides. The two slides were taped firmly at both ends. The number 
of the fish and the number of the body area from which scales were 
sampled were marked on the tape. 
All scales were read under a 22x slide microprojector. The 
radius of each scale was measured along a straight line from the 
focus to the raid field of the anterior margin of the scale. The 
diameter was measured along a straight line between the mid-posterior 
and mid-anterior margin that passes through the scale focus. 
When examining scales for age determination, certain criteria 
were considered in identifying true annuli: (1) distinct cutting 
over of circuli around most of the scale perimeter, (2) appearance 
of a clear band in some cases, (3) sharp dark band (formed due to 
condensation of circuli during slow growth at the end of the growing 
season), and (4) increase in distance between adjacent circuli 
following the annul us. Some or most of these criteria were described 
in yellow perch by Jobes (1952), Hervey (1963), Chadwick (1976), and 
Bergstedt (1977). The validity of annulus as a true year mark in 
yellow perch has been proven by many workers including Jobes (1952), 
Joeris (1956), and Muncy (1962). Age of the fish in years was 
denoted by Arabic numerals and given as the number of annuli present 
on the scale. Thus, a fish in age 5+ would have five annuli plus a 
varying amount of marginal growth depending on the season of the year 
in which it was caught. For fish collected in the winter and spring 
season, an annulus was assigned right at the outer edge of the scale 
Chile and Jobes 1942, El-Zarka 1959). 
During reading of scales, the regenerated ones were identified 
but not measured. The frequency of regenerated scales was compared 
among various body areas, total length groups, and successive ages 
in both West Okoboji and Clear Lake samples. Also, the percentages 
of samples with at least one readable scale and the percentages with 
four readable scales were compared among selected body areas. To 
test for the optimum number of scales to be sampled from a fish 
sufficient to provide 4 readable scales, 19 scales were sampled 
from 100 fish of all sizes from West Okoboji. The 10 scales were 
sampled from area 4, one at a time. The data were analyzed such 
that when the sample size of scales increased by one scale from 1 
through 10, the frequency of regenerated scales and the variability 
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In scales radii were detected at each step. The total number of 
scales in the lateral lise was counted from the anteriormost scale 
to the last scale on the tail, including the unpored scales back to 
the end of scalation. 
C. Statistical Analysis 
Data collected in the present study were analyzed using the 
program options of the input statement of the Statistical Analysis 
System (SAS, He!wig 1978) at Iowa State University Computation Center. 
The body area with the lower value of coefficient of variability 
(higher homogeneity in its scales) together with the lower frequency 
of regenerated scales was considered the "best area" for scale 
sampling for growth studies of yellow perch. Variability in scale 
radii within the four scales among the 10 areas was measured using 
the nested analysis of variance (ANOVA) and was compared on the 
basis of coefficient of variability (CV), since the sizes of scales 
are different in the different body areas. 
The criterion of regenerated scales was tested between the 
areas by comparing the percentage occurrence of at least one » 
regenerated scale among the four scales sampled from areas 2, 4, 6, 
8, 9, and 10. This was done by the analysis of variance adjusted 
for the fish length using a special test called the Cochran's (Q) 
test which is calculated (Sokal and Rohlf 1969) as follows: 
n SS area 
^ ^SS total - SS fish/df total - df fish 
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Where SS is the sum of squares, and df is the degree of freedom. If 
the Q value is higher than 12.97, the difference in the frequency of 
regenerated scales between different body areas will be significant. 
The percentage occurrence of at least one regenerated scale in 
each area also was compared between successive total length groups 
and age groups in samples of the two populations, and tested using 
the F-test. Analysis of variance was used to test between the 
successive total length groups for any difference in number of 
scales back to the position of KSl, and in number of scales back to 
the position of KS2. 
A separate body-scale regression equation was computed for each 
body area of West Okoboji fish using the least squares fit. Several 
other body-scale models were applied and fitness of each regression 
equation to the present data was verified on the basis of 
coefficient of determination (R2). 
The analysis of covariance (ANOVA) procedure was used to test 
for differences in body-scale relationships between the two sexes, 
among the four seasonally collected samples, and between the two 
populations. An overall view of the body-scale relationship was 
obtained by using the PROC PLOT procedure. The following plots also 
were obtained using the same procedure: (1) number of scales in the 
lateral line vs. total length, and (2) scale radius/diameter ratio 
vs. total length. The 0.05. probability level was used in all tests 
of significance. 
33 
IV. RESULTS AND DISCUSSION 
A. Selection of Body Area for Scale Sampling 
The "best" body area for scale sampling for growth studies of 
yellow perch was determined in the present study on the basis of two 
major criteria: (.1) homogeneity in scale sizes within the area; and 
(2) least occurrence of regenerated scales. 
1. Homogeneity in scale sizes 
Homogeneity in scale sizes within each body area was measured 
in terms of variability in scale radii of the 4 scales from each 
area, and the amount of variation was compared among the selected 
body areas. Table 1 presents a comparison of the variability in 
scale radii, based on 95 fish, between the 8 areas (Figure 3) that 
were selected for scale sampling at the beginning of the study 
period. Variability in each case is represented by the coefficient 
of variation (CV) transformed into percentage value. The body areas 
located above the lateral line (the odd numbered areas) exhibited 
higher values of CV than those below the lateral line, which 
indicates that areas below the lateral line contain relatively more 
homogenous scale sizes than those above it. It is also evident that 
the pectoral region (areas 2 and 4) and the midbody region (area 6) 
have the lower variation in scale sizes, and area 4 (at the tip of 
pectoral fin)., in particular, has the least variation. The areas 
above the lateral line were dropped in subsequent sampling 
procedure. Later the number of fish investigated was increased to 
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Table 1. Variability In the scale radius from eight body areas of 
95 West Okobojl perch 
Area no. Mean (mm) Standard Coefficient of variation 
deviation (%) 
1 45.13 3.79 8.41 
2 69-26 3.19 4.60 
3 49.03 3.00 6.12 
4 70.18 3.01 4.29 
5 48.01 3.02 6.29 
6 65.62 2.97 4.52 
7 47.83 2.75 5.75 
8 49.38 2.78 5.63 
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407 fish, and two new body areas, 9 and 10 were sampled and included 
in the comparison (Table 2, Figure 4). Area 4 persisted as the body 
area with the lowest variation in its scales (CV = 3.21 in Table 2). 
The appearance of yellow perch scales differs with the location 
on the fish body. Scales of the pectoral and raid-body regions were 
wider along the dorso-ventral axis than along the mid anterio­
posterior axis, whereas scales of the caudal peduncle region were 
long and relatively narrow. The scales become asymetrical towards 
the dorsal and towards the belly of the fish, as these scales have 
to match the body contour. Thus, I recommend that scales be 
sampled from the "best area" as close to, but not including, the 
lateral line scales. 
The sizes of scales appear different from one body area to 
another (see means of scale sizes in Tables 1 and 2). An F-test 
showed that the differences in scale sizes between the 10 body areas 
are not significant (P = 0.1530). This does not mean that scales 
from areas 1, 3, 5, 7, and 8 are not smaller than those from area 4, 
but the variance within areas is such that all sample? could come 
from the same population. The mean scale size in area 4 is larger 
than in other areas but only slightly larger than in neighboring 
areas 2 and 6. These also have lower coefficients of variation than 
other areas. Therefore, area 4 has the advahtage that errors in 
locating the area on each fish will have only a minor effect. 
36 
Table 2. Variability In the scale radius from six body areas of 
West OkoboJI perch 
Area no. No. Mean (mm) Standard Coefficient of variation 
of deviation { % )  
fish 
2 407 71.87 2.80 3.89 
4 407 72.72 2.33 3.21 
6 407 67.78 2.92 4.31 
8 407 49.45 2.65 5.36 
9 312 57.85 3.25 5.62 
10 312 . 55.90 2.90 5.19 
Figure 4. Coefficients of variation in the scale radii of the 10 body areas of 
West Okobo.ii perch. Areas 1, 3, 5, 7 based on 95 fish; areas 2, 4, 6, 
8 on 407 fish;, and areas 9, 10 on 312 fish 
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2. Percentage of regenerated scales 
To test for this criterion, the percentage of regenerated 
scales was calculated and compared among the 10 body areas sampled 
from yellow perch population of West Okoboji. The percentages of the 
four sampled scales containing at least one regenerated scale, and 
the first sampled scale being regenerated, were higher when scales 
were derived from above the lateral than from below it (Table 3 and 
Figure 5). The average percentage of samples containing at least 
one regenerated scale was 26% when the scales were derived from 
areas above the lateral line or from caudal peduncle areas, 
compared to an average of 15% when scales were derived from below 
the lateral line excluding area 8. Such difference was found to be 
significant (t = 2.447, df = 8). The lowest percentage values 
were 14% in area 2 and only 11% in area 4. Also, the percentages of 
the first sampled scale being regenerated were higher (19%) in the 
areas above the lateral line than (13%) in the areas below it ( t = 
2.529). The percentage of samples with the first scale being 
regenerated is only 10% when sampled from an average of the 10 body 
areas, compared to 8% if sampled from area 4, but the difference was 
not significant. Two conclusions could be derived from these 
findings: (1) scales above the lateral line and on the tail peduncle 
are more subjected to loss and regeneration: and (2) the pectoral 
region (areas 2 and 4) and area 6 are least subjected to scale loss 
and regeneration. This is probably because areas 2 and 4 arfe 
protected by the pectoral fin. 
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Table 3. Percentages of scales which were regenerated among the 4 
scales sampled from 10.-body areas of 95 West Okoboji perch 
Area no. At least one scale The first scale sampled 
being regenerated being regenerated 
1 23 % n % 
2 14 08 
3 30 12 
4 11 08 
5 27 13 
6 17 08 
7 27 10 
8 25 14 
9 16 09 
10 15 09 
Figure 5. The percentages of samples containing at least one regenerated scale 
in the 10 body areas of West Okoboji perch 
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To compare the frequency of occurrence of readable scales in the 
various body areas, the percentage that the first scale sampled was 
readable, and the percentage that all four sampled scales were 
readable, were computed for the 10 body areas (Table 4). In the 
two situations, highest percentages of readable scales occurred in 
area 4, whereas lower values were obtained when scales were derived 
from the caudal peduncle. 
Percentages of regenerated scales in most body areas 
investigated in both samples of West Okoboji and Clear Lake perch 
were found to increase with the increase in fish length (Tables 5 
and 6) and with fish age (Tables 7 and 8). No significant 
differences were observed in the percentages of regenerated scales 
in the corresponding body areas between the two lakes samples. It 
is reasonable to assume that the chance for any scale In any area on 
one fish to become lost and replaced by a regenerated one increases 
with time, as the chance for the environmental elements (parasites, 
nibbling by other fish, friction on surfaces, etc.) to cause the 
loss of a scale also increases. 
Since the regenerated scales could not be used in age and 
growth studies of fish, it is essential that the area with least 
percentage of regenerated scales or with highest percentage of 
readable scales be selected for scale sampling. Two factors that 
may make such selection highly important are: (1) situation where 
the researcher cannot collect too many scales [to obtain readable 
scale(s)) from living fish In capture and release experiments, and 
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Table 4. Percentage of samples containing readable scales sampled 
from 10 body areas of 95 West Okoboji perch 
First scale being readable All four scales being readable 
Area 
no. 
Percent 95% Conf. limits Percent 95% Conf. limits 
1 89% 0.83 - 0.93 m 0.67 - 0.86 
2 92 0.85 - 0.95 81 0.71 - 0.88 
3 88 0.82 - 0.93 70 0.59 - 0.79 
4 92 0.85 - 0.96 89 0.83 - 0.93 
5 87 0.81 - 0.92 73 0.62 - 0.82 
6 92 0.85 - 0.96 82 0.72 - 0.89 
7 90 0.84 - 0.94 73 0.65 - 0.82 
8 86 0.79 - 0.91 75 0.65 - 0.84 
9 91 0.85 - 0.95 80 0.70 - 0.88 
10 91 0.85 - 0.95 82 0.72 - 0.89 
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Table 5. Percentages of samples containing at least one regenerated 
scale in each of 6 body areas as related to the total 
length groups of West Okoboji perch. 
Total length No. of Body areas Average 
groups (ran) fish 2 4 6 8 9 10 % 
< 80 14 00% 00% 00% 00% 00% 00% 00 
90 - 99 4 00 00 00 00 00 00 00 
100 - 109 15 07 00 20 07 00 00 06 
110 - 119 10 00 00 00 00 00 00 00 
120 - 129 4 00 25 25 00 00 00 08 
130 - 139 6 00 00 00 00 00 00 00 
140 - 149 13 15 00 25 00 08 00 08 
150 - 159 8 00 00 12 25 00 00 06 
160 - 169 7 14 29 14 57 14 28 26 
170 - 179 6 00 17 00 33 00 17 11 
180 - 189 9 44 11 00 33 11 33 22 
190 - 199 12 17 25 33 08 08 50 24 
200 - 209 11 27 18 27 45 45 09 28 
210 - 219 13 31 08 31 42 31 15 26 
220 - 229 17 18 12 24 53 23 14 24 
230 - 239 12 42 15 50 50 33 42 40 
240 - 249 10 20 00 20 20 20 10 18 
250 - 259 18 17 06 15 15 11 11 12 
250 - 269 11 09 18 00 54 27 27 27 
270 - 279 7 43 42 29 04 29 29 31 
280 - 289 2 00 50 00 50 50 00 25 
290 - 299 1 100 00 100 00 00 00 33 
Combi ned 210 19 n 17 25 16 14 17 
44 
Table 6. Percentage of samples containing at least one regenerated 
scale in each of 4 body areas as related to the total 
length groups of Clear Lake perch 
Total length groups No. of Body areas Average 
(mm) fish 2 4 6 8 % 
< 90 10 00% 00% 00% 00% 00 
90 - 99 1 00 00 00 00 00 
100 - 109 -, 1 100 00 00 100 50 
110 - 119 — — — — — 
120 - 129 — — — — — 
130 - 139 2 00 00 00 50 12 
140 - 149 9 33 11 44 22 28 
150 - 159 31 26 23 26 36 28 
160 - 169 9 33 33 44 22 30 
170 - 179 — — — — — — 
180 - 189 3 33 33 33 100 50 
190 - 199 2 50 00 50 50 38 
>200 2 00 50 50 100 50 
Combined 70 24 19 26 33 25 
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Table 7. Percentages of samples containing at least one regenerated 
scale in each of 6 body areas as related to the successive 
ages of West Okoboji perch 
Age of fish No. of 
fish 2 4 
Body areas 
6 8 9 10 
Average 
% 
0 + 14 00% 00% 00% 00% 07% 00% 01 
1 + 36 00 00 08 08 00 00 03 
2 + 18 11 16 17 00 06 00 07 
3 + 30 27 10 27 26 00 10 13 
4 + 16 31 12 12 25 25 38 24 
5 + 31 23 19 23 24 35 23 24 
6 + 34 33 15 ' 26 35 26 27 27 
7 + 21 24 14 23 38 19 14 22 
8 + 9 22 33 11 56 22 22 28 
Combi ned 205 17 11 18 23 16 15 17 
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Table 8. Percentages of samples containing at least one regenerated 
scale in each of 4 body areas as related to the successive 
ages of Clear Lake perch 
Age of fish No. of Body areas Average 
fish 2 4 6 8 % 
0 + 10 00% 
1 + -- --
2 + 8 12 
3 + 23 32 
4 + 19 21 
5 + 6 33 
6 + 3 33 
7 + 1 00 
Combined 70 22 
.00% 00% 00% 00 
00 25 37 18 
23 36 36 32 
22 16 37 24 
33 33 50 37 
33 00 66 33 
00 100 100 50 
18 26 35 24 
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(2) when the researcher cannot afford to waste too many fish 
samples. The results suggest that area 4, with the least 
percentages of regenerated scales and the highest percentage of 
readable ones, is the best area for scale sampling. 
3. Previous criteria 
Most previous workers who sampled scales for growth studies of 
fish did so without justifying the selection of scales from a 
particular body area, and many of them did not even mention the 
body site from where scales were sampled. Those who did compare 
between body areas did so either on limited data or used a 
subjective approach. Few studies have been done on yellow perch. 
For the purpose of a closer examination of criteria that have been 
used previously for scale selection, these were classified under 
five major categories: (a) subjective approach; (b) maximum growth; 
(c<) average growth; Cd) variation in scale size; and (e) regenerated 
scales 
a. Subjective approach Many workers used the criteria of 
homogeneity in scale size and shape (Hile 1936, Ooeris 1956), 
clarity of annual rings (Ooeris 1956), suitability for tagging 
studies (Mansueti 1960). Lag!er (1956) and Rounsefell and Everhart 
(.1953) appear to have taken these features into account when 
recommending that scales from fish with ctenoid scales be taken 
from the pectoral region. Paul (1968) used the character of "easy 
identification" of the body region as one of his criteria and 
Everhart (1950) used the terra of "most conveniently located" area. 
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If this last character is to be considered in the present study, 
area 4 is relatively easy to find on the body of the fish by 
sampling the scales from around the tip of the pectoral fin when it 
is depressed on the fish body. However, this "easy to find" 
criterion was not tested in the present study. Carlander (1982) 
speculated that the area at the tip of the pectoral fin will shift 
position if the growth of the pectoral fin is not isometric with 
that of fish length. El-Absy (.1977), in a study on seven species of 
mullid fish, found that the pectoral fin length and fish length were 
isometrically related. No similar study was found for yellow perch. 
Nevertheless, the data collected in this study, which represent all 
possible fish lengths of the West Okoboji sample, provide evidence 
that area 4 posesses the favorable criteria even if its site (tip of 
pectoral fin) does shift moderately in position with increase in 
fish length. 
b. Maximum growth Some workers, who used the Dahl-Lea 
formula for calculating fish growth, were searching for the body 
area which gave the highest estimate of growth, since application 
of the Dahl-Lea formula usually gives lower than observed growth 
values. Dannevig and Host (1931), working on three species of 
Salmonidae and five species of Gadidae, found that scales from the 
anterior body region of fish gave observed low back-calculated 
lengths, which they ascribe to late scale development, while scales 
from the caudal peduncle gave higher back-calculated values. They 
concluded that in some species the anterior body regions were 
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unsuitable for scale sampling. Subsequent workers (i.e.. Parrot 
1932, cited in Paul 1968; Perlmutter and Clark 1949) have assumed 
that samples from the body area where scales first form, and which 
thus indicate maximum growth, were most suitable for age and growth 
studies. Everhart (1950) has shown that scales from the caudal 
peduncle where scales first form were not significantly more 
"reliable" in providing growth data than the scales formed later. 
Mansueti (1960) reported that there was a gradient toward increased 
calculated lengths from the anterior region toward the tail in the 
white perch (Morone americana). 
Most of the workers who found that the estimates of back-
calculated lengths decrease when scales were sampled anteriorly have 
applied the Dahl-Lea formula in their calculations. When the Dahl-
Lea equation was applied in back-calculations of L-j using scale's 
from all body areas of 10 fish of age 1+ selected randomly from the 
main body of data, the calculated lengths were smaller (though not 
significantly different) at the anterior body areas (Table 9). 
However, when the Fraser-Lee equations and the corrected regression 
equation (equations 4, 5, and 6 respectively in Table 15) were 
applied to the same data, the back-calculated lengths obtained from 
all body areas did not differ significantly. Because maximum 
growth values vary between different body areas only if certain 
types of equations are applied, use of the "maximum growth" 
criterion is unjustifiable in all applications. 
c. Average growth Dannevig and Host (1931) noted that the 
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Table 9. Back-calculated Li from measurements of a 
sample of 10 fish âge 1+ from each body area 
Area no. Average L-j using Average L-j using 
Dahl-Lea equation Fraser-Lee equation 
1 79 93 
2 85 91 
3 85 95 
4 89 93 
5 91 95 
6 94 97 
7 97 99 
8 99 100 
9 97 100 
10 92 96 
Average 91 95 
Variance 36.56 11.84 
S.D. 6.37 3.63 
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back-calculated fish lengths to age 1 (Li) varied when scales from 
different body areas were used, and stated that the body area which 
gives L] with least variation from the mean for the whole body 
might be suitable. Phillips (1948), Mansueti (1960), and Paul 
(1968) used this criterion to choose their sampling site, but some 
workers (i.e.. Miller 1955) have found little variation of this 
sort. It is expected that the mean calculated growth for all body 
areas would vary according to the number of areas, which areas are 
used, and which type of equation is applied. Accordingly, the 
"average growth" criterion is not a reasonable one either. 
d. Variation in scale size The criterion of the 
variability In scale sizes within each area has been tested only 
by a few workers. Harmic (1952, cited In Mansueti 1960) assessed 
the relative variability of scale radii within various bluegill 
(Lepomis macrochirus). He found that scales within the caudal 
peduncle region were the least variable ones. Paul (1968) compared 
measurements of scales within various body areas in 10 New Zealand 
snapper (Chrysophrys auratus) with the mean measurement in each 
area. Based on this criterion, besides the "average growth" and 
"easy Identification", Paul (1968) concluded that the pectoral 
region (bounded by the lateral line and the ventral edge of the 
pectoral fin) was the most "suitable site" for scale sampling. 
e. Regenerated scales The criterion of the occurrence of 
regenerated scales has been considered mostly in a subjective 
manner by various workers, including Everhart (1950), Parsons 
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(1953), Mansueti (1960), Paul (1968), Jonsson and Stenseth (1976), 
and Scarnecchia (1979). Tesch (1968) and Moring et al. (1981) 
determined the frequency of regenerated scales in only one body area 
of the brown trout and the cutthroat trout respectively. No 
similar study has been done on yellow perch. None of the previous 
studies related the frequency of regenerated scales to the problem 
of selecting an area for scale collection. 
B. Optimum Number of Scales to Be Sampled from a Fish 
to Get a Readable Scale 
Special sampling and analysis procedures were done to test 
for the "optimum" number of scales to be collected from a fish, to 
ensure that a minimum number of readable scales Is collected for the 
purpose of age and growth studies of fish. For the purpose of 
simplification, the number of scales being sampled is termed the 
"scale patch". The criteria that might determine the size of the 
scale patch are believed to include: (.1) fish species, where a 
scale patch that may be considered optimum for a species with small 
scales may not be easily sampled from a large-scaled fish without 
harming the fisb and Increasing the labor of collecting the scales; 
(2) objectives of the study, whether one scale or more are required; 
(3) variability on scale measurements, whereby variation in a 
sample decreases as the sample size increases if sampled from one 
area, the size of scale patch from an area, however should not be 
increased to the degree of running into the scales of adjacent areas 
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which have different scale sizes normally; and (4) proportion of 
regenerated scales, a factor which makes the sampling procedure more 
risky if only a few scales are sampled. This last criterion is the 
main one considered in this analysis. 
In the scale patch procedure, one scale was sampled at a time 
from area 4, until a total of 10 scales each from 100 West Okoboji 
perch of various sizes were collected. The scales were mounted 
between two slides and examined in the order in which they were 
sampled. The percentages of samples containing at least: one 
regenerated scale, one readable scale, and four readable scales, 
were determined at every step as the scale patch size was increased 
from 1 through 10 (Table 10). These three percentages were found 
to increase as the scale patch size increased. If the number of 
readable scales sought in a study is four, the scale patch of six 
scales is a good choice. This is because the percentage of 
obtaining at least four readable scales at a scale patch of 6 is 
about 98%, compared to 78%, 92%, and 99% at a scale patch of 4, 5, 
and 7 respectively. These results indicate that the percentages of 
the sacrificed samples are 22%, 8%, 2%, and 1% at scale patch of 4, 
5, 6, and 7, respectively. The X^-test showed a significant 
difference between the first three percentages, but not between the 
2% and the 1%. The nonsignificant difference between the third and 
fourth percentages may not justify the increase in the labor of 
collecting and examining a seventh scale. However, most age and 
growth studies of fish utilize only one or few scales. In these 
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Table 10, Percentages of regenerated scales in samples collected 
from area 4 of 100 West Okoboji perch by scale patch 
size 
Scale patch % of fish with % of fish with % of fish 
size at least one at least one at least 4 
reg. scale readable scale readable scales 
1 13% m  - -
2 15 97 --
3 19 98 --
4 21 99 78% 
5 25 100 92 
6 28 97 
7 33 98 
8 38 . 100 
9 42 
10 47 
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cases the optimum number of scales to be sampled is 3. This is to 
ensure the percentage of obtaining at least one readable scale at an 
"affordable" level (i.e. 98%). 
Regression equations based on serial mean fits were computed at 
each size of the scale patch from 1 through 10 scales (Table 11). 
There is no significant difference in the b value between the 10 
regression equations, nor between the a values of equations 3 
through 10. This test provides further evidence that a scale patch 
of 3 scales is the optimum number of scales to be sampled and 
measured for age and growth studies of West Okoboji perch. 
In routine sampling procedures, regenerated scales are 
excluded, and if the "key" scale is regenerated, the whole fish is 
excluded. However, only a few studies have been concerned with the 
rate of scale regeneration in a given population. Such studies are 
needed to establish a well designed sampling procedure. This would 
be especially important in the following situations: (1) if the 
percentages of regenerated scales, especially in the best area, are 
abnormally high, and (.2) in case of live-trap and release studies, 
where the number of scales to be sampled are to be kept in balance 
with both the minimum number of readable scales sought and with the 
maximum number at which survival of the fish is risked. 
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Table IT.. Rectilinear regression equations of the body-scale 
relationship as obtained at different scale patch sizes 
Scale patch 
size 
Regression equations R2 
1 TL = 17.24 + 2.3046 S 0.9337 
2 TL = 16.62 + 2.3114 S 0.9464 
3 TL = 15.59 + 2,3212 S 0.9441 
4 TL = 14.92 + 2.3275 S 0.9456 
5 TL = 15.59 + 2.3181 S 0.9456 
6 TL = 15.12 + 2.3259 S 0.9484 
7 TL = 14.47 + 2.3332 S 0.9492 
8 TL = 14.27 + 2.3366 S 0.9487 
9 TL = 14.37 + 2.3369 S 0.9483 
10 TL = 14.41 + 2.3347 S 0.9486 
^Sample size is 100 fish, regressions are fitted to the means 
of scale measurements of each fish. 
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C. Body-Scale Relationship 
1. Regression equations for the various body areas 
A separate body-scale rectilinear equation was calculated for 
each body area of West Okoboji perch sample by applying the least 
squares fit procedure (Table 12). The equations were determined to 
compare how the scale growth in each body area represents the growth 
in fish lengths, and to compare between the a values computed for 
different body areas. The coefficient of determination (R2) values, 
which give the relative efficiency of the scale radius in predicting 
body length, are noticeably high and vary from 0.8930 in area 1 to 
0.9771 in area 2. The R^ value is lower in areas which have the 
higher variability (CV) among their scales. Differences were not 
significant between the b values of the ten regression equations 
CP = 0.0857). The a values did not differ significantly between any 
two adjacent body areas above the lateral line or below it, but did 
differ between area 1 and the other areas except areas 3 and 5, and 
also differed between area 3 and areas 7, 8 and 10. Obviously, the 
Rvalue (demonstrated in Figure 6) was lowest (15 mm) when scales 
were derived from area 8 and highest (50 mm) when scales were 
derived from area 1. 
In general, the a value increases progressively when proceeding 
from the caudal peduncle region towards the anterior, then towards 
both the dorsal and ventral body surfaces. The progressive changes 
in the a values between the various body areas of yellow perch are 
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Table 12. Rectilinear regression equations computed for the 10 
body areas 
Body area No. of fish Regression equation R2 
1 95 TL = 50.19 + 2.4052 S-, 0.8930 
2 351 TL = 27.49 + 2.1554 Sg 0.9771 
3 94 TL = 44.98 + 2.5754 S3 0.9420 
4 407 TL = 22.94 + 2.2036 S4 0.9581 
5 95 TL = 33.19 + 2.9365 S5 0.9286 
6 352 TL - 20.26 + 2.3618 Sg 0.9637 
7 94 TL = 19.14 + 3.3578 S7 0.9218 
8 350 TL = 15.41 + 3.4089 Sg 0.9384 
9 300 TL = 28.66 + 2.5287 Sg 0.9434 
10 298 TL = 25.33 + 2.7721 Siq 0.9498 
Figure 6. Intercept, a^, values in the 10 body areas of West Okoboji perch 
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similar to the pattern of squamatioh chronology of this species as 
observed by Pycha and Smith (1955). They reported that the scales 
of yellow perch in the Red Lakes, Minnesota, first appear on the mid 
section of the caudal peduncle at a fish total length of 20 mm. 
Scalation then proceeds foreward along the lateral line and dorsally 
and ventral ly from that line. The pectoral area (area 4) becomes 
scaled at about 23 mm total length. Complete scalation of fish 
occurs at a length of 35 mm, when the nape region (area 1) becomes 
fully scaled. Joeris (1956) mentioned that the nape area of the 
Green Bay yellow perch is the last area to be scaled. The 
differences in the ^ values as calculated in the present study, 
could reflect the relative changes in fish length as related to the 
time of scale formation. However, the a values derived from 
regression equations should not be considered as absolute lengths of 
fish when scalation occurs since fitting a straight line to the 
body-scale relationship might not give a perfect estimate of the 
fish length at time of scale formation. 
Since scales appear on the anterior portion of fish body at a 
later stage of fish growth, two phenomena could be observed. First, 
that scales of the anterior body areas are lacking some part of the 
early life history of the fish. Dannevig and Host (1933) have 
indicated that scales of the anterior body regions in a number of 
species of salmon may be lacking the first annul us entirely. 
Secondly, that the calculated fish lengths (especially at earlier 
ages) are lower than when using scales of the caudal peduncle if the 
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uncorrected proportional formula (Dahl-Lea equation) is used. To 
solve for the second phenomenon, a correction factor, a, was 
introduced by Fraser (1916) and Lee (1920) to the Dahl-Lea equation. 
Whitney and Carlander (1956) and Carlander (1981a, 1982) have 
stressed that the ^ value has to be determined from a body-scale 
regression of an adequate sample before being used in the Fraser-Lee 
equation. The a value will vary according to the size and source of 
the sample data. Accordingly, variation occurs between the reported 
results of various studies, even when done on the same population. 
The intercept,^ values for yellow perch, as listed by Carlander 
(1982) varied between 17 to 48 mm, according to various workers, 
some of whom apparently used scales derived from different body 
areas. To avoid discrepancies in the a values and to have a basis 
of comparison between results of studies on the same species, 
Carlander (1981a, 1982) has called for using a standard a value for 
each species, claiming that "the differences among the relationships 
are less than is indicated in the values (of ^) now being used." 
Carlander (1982) suggested the use of a standard a value of 30 mm 
in growth studies of yellow perch. The a, value, as calculated from 
scales of area 4 from a sample size of 407 West Okoboji perch, is 
approximately 23 m. The two forms of the Fraser-Lee equation, one 
including the calculated a value (23 mm) and the second including the 
standard ^ value (30 mm), were applied to back calculate fish length 
at annul us n-| (L]) of 50 fish of various age groups (columns 4 and 5 
respectively in Table 17). No significant differences were obtained 
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between the results of the two applications. 
Since the possibility of comparing the present results with 
other studies is promising on basis of standardizing the a value, I 
believe that such standardization is reasonable and practical. In 
standardizing a, values, two arguments should be considered: (1) 
standardizing the a value would not effectively resolve discrepancies 
nor provide a basis for comparison between various works if the body 
area used for scale sampling is not standardized, and (3) any 
standard J, value should be considered as a correction factor only, 
and not be given any biological significance. 
2. Application of the various body-scale equations 
Different forms of equations that have been adopted by various 
authors were applied to the present data. This was done to compare 
between the fitness of these models when applied to one data set, and 
to make recommendations on which equation to adopt for further growth 
studies. Since area 4 has been established in this study as the best 
area for scale sampling for growth studies of yellow perch, the data 
on the scales of this area (West Okoboji fish) have been used in the 
statistical analysis that follow. 
Six different models that have been attempted are presented in 
Table 13. When the parameters in such models were determined for the 
present data, equations 2 through 10 in Table 14 were obtained. 
Equation 1 represents the Dahl-Lea proportion method. Equations 2 
and 3 represent another form of the Dahl-Lea model expressed in 
regression form with intercept at zero. To identify the second form 
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Table 1 3. Various models attempted to determine the body-scale 
relationship when applied to scales measurements of area 4 
Model Equation Model Reference 
no. no. 
I 1 Li X Sj Dahl (1910), Lea (1910) Sc 
2,3 TL = bS 
II 4 Lj = a + X Si 
Fraser (1916), Lee (1920) 
Sc 
5 with a = 30 mm Carlander (1982) 
III 6 TL = a + bS Predictive Regression 
7 TL = a + bS 6M (Ricker 1973) 
IV 8 TL = a + bS + cs2 Sherriff (1922) 
V 9 InT.L = Ina + b InS Monastyrsky (1930) 
VI 10 IhTiL = a + b InS + c(lnS)2 Based on Equation No. 8 
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Table 14. Bo^y-scaTe equations obtained by using scales of area 4 
and by applying the various models (Table 13)3 
Model 
no. 
Equation 
no. 
Equation R2 
I 1 fl 
2 I
I 
II 4.77 S (for fish 4 90 mm TL) 2.55 S (for fish >90 mm TL) 
3 TL = 2.96 S (for all fish) 
II 4 Li = 22.94 + X Si 
5 Li = 30.00 +-'=%~^x Sj 
III 6 TL = 22.94 + 2.2036 S 0.9581 
7 TL = 19.19 + 2.2513 S 
IV 8 TL = 22.59 + 2.2159 S - 0.00009 5^ 0.9582 
V 9 InTL = ln7.77 + 0.742 InS 0.9594 
VI 10 InTL = 3.38 - 0.374 InS + 0.1078 (InS)^ 0.9761 
^Parameters of equations were computed for 407 West Okoboji perch. 
65 
of Dahl-Lea model from the first one, the second form was called 
here the Dahl-Lea regression. The b value in this regression was 
calculated from the relation: b = ^ where TL and SR are the length 
of the fish and scale radius, respectively. The TL/SR ratio was 
also investigated in the successive scale size groups (Table 15} by 
grouping the scale radii into 10 mm length groups, then dividing the 
corresponding total length groups by the scale size groups (Hile and 
Jobes 1941, Jobes 1952). In this procedure, variability in 
measurements of the Independent variable (SR) would explain 
variability of the dependent variable (TL) rather than the opposite. 
The b value was highest (5.47) in smaller fish, then decreased 
steadily until fish length of about 90 mm, after which the^ value 
decreased slightly, but not significantly, throughout the remainder 
of the total length range with an average value of 2.50. It is 
convenient to express the Dahl-Lea model in the form of two separate 
regression equations for two categories of fish lengths as follows: 
TL = 4.77 S for fish - 90 mm total length 
and, TL = 2.50 S for fish > 90 ram total length 
These two relationships are expressed graphically in Figure 7. 
Nile and Jobes (1941) have calculated two separate Dahl-Lea 
equations in the same way for yellow perch of Saginaw Bay as 
follows: 
TL = 3.04 S for fish - 100 mm standard length 
and, TL = 1.24 S for fish > 100 mm standard length 
Carlander (1950a) fitted parabolas to two segments of the fish 
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Table 15. Total length/scale radius (TL/SR) ratios by scale radius 
groups, area 4 of West Okob'oji perch 
Scale radius No. of Average Average TL/SR 
length groups fish scale radius total length 
0 - 9 8 7.75 42.38 5.47 
10 - 19 6 12.00 53.67 4.47 
20 - 29 3 25.00 87.33 3.49 
w
 
0
 
1 39 20 35.00 100.75 2.88 
40 - 49 20 43.70 116.00 2.65 
50 - 59 25 55.04 141.08 2.56 
60 - 69 40 64.42 159.68 2.48 
70 - 79 47 75.30 189.26 2.49 
80 - 89 79 84.10 208.82 2.48 
90 - 99 79 94.22 232.46 2.47 
100 - 109 61 104.05 253.66 2.44 
no - 119 11 112.70 265.50 2.36 
120 - 129 8 123.25 274.75 2.23 
Combined 407 2.59 
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Figure 7. Representation of the Dahl-Lea equation to the body-scale 
relationship in the form of two rectilinear regressions 
for West dkoboji perch from 25 to 90 mm and from 90 to 
300 mm 
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lengths of yellow perch from Lake of the Woods. Joeris (1956) 
expressed the upper part of the body-scale relationship curve by a 
straight line and the lower part by "eye inspection". Everhart and 
Young (1981) stated that "when a sigmoid curve best fits the body 
length-scale length relation it may be necessary to derive two 
formulas; one to fit the data below the inflection point and the 
other to fit the data above the inflection." 
The Fraser-Lee equation was expressed for the present data by 
two separate equations (equations 4 and 5 in Table 14). In the 
first equation, the à value of 22.94 mm was derived from the overall 
rectilinear equation. In the second equation, the £ value used was 
30 mm, which is suggested by Carlander (1982) as the standard, à» 
value for yellow perch. Both the Dahl-Lea and Fraser-Lee models 
were referred to by Carlander (1981a) as the proportional method. 
The regression equations (6 through 10 in Table 14), 
representing different forms of the regression model, were derived 
by the least squares fit using the general linear procedure. The 
second degree quadratic relation (equation 8) was computed even 
though the ç parameter (0.00009) was not significantly different 
from zero. Fitness of the various forms of the regression model to 
the present data (in the form of values) did not differ 
significantly. 
Equation 7 represents the geometric mean model CGM) as 
suggested by Ricker (1973). The b value of the GM regression was 
computed by dividing the slope of the predictive regression 
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(equation 6) by the correlation coefficient of that equation. Then, 
the â value was calculated from the equation Y = a - bX, where Y and 
Y are the overall mean values for the fish total length and the 
scale radius respectively. 
All of the equations presented in Table 14 were used in two 
types of applications: (1) Equations 6 through 10 were applied to 
estimate the calculated lengths (Lea) of 50. West Okoboji perch and 
compare these with the observed values (Lob). The goodness of fit of 
the different equations in expressing the observed fish lengths was 
compared on the basis of mean square deviation (MSD), which was 
calculated in each case by the equation (Jonsson and Stenseth 1976): 
MSD = iy(Lob - Lca)2 
The MSD values are presented in Table 16. (2) The equations 1 
through 10 were applied to back-calculate the lengths of fish at age 
1 (L]). The values of L^ were estimated at the first annul us 
measurement from fish that ranged in age 1+ through 5+ (Table 17). 
The lengths (L-j) estimated by using the regression model, were 
multiplied by a correction factor (f), which was calculated for 
every fish as: f = (Whitney and Carlander 1956). 
The following conclusions were made after examining the results 
of application of the various equations presented in Table 14: (1) 
Upon estimating the fish length at capture (Table 16), the highest 
MSD values were obtained by applying the two equations (2 and 3) of 
the Dahl-Lea regression, which indicate that the regression equations 
with, a zero intercept do not represent the present data very well. 
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Table 16. Mean square deviation for observed lengths 
minus calculated lengths at capture of 60 
perch using the various models (Table 13.) 
Model Equation Mean square 
no. no. deviation 
I. 1. 
2. 2.036 
3. 5.804 
II. 4. 
5. 
III. 6. 1.210 
7. 1.152 
ly. 8. 1.099 
V. 9. 1.628 
VI. 10. 1.177 
SKi 1.31 
SKf 2.53 
Table 17. Calculated L-j of 50 yellow perch of 5 age groups, by the 
regression method and by the corrected regression method 
with the various equations (Table 14) 
Age No. of 1 2 3 4 5 6 
group fish 
1 + 10 48 42 42 — - 60 
48 48 61 64 60 
4.58 4.05 4.27 - - 4.43 
3.44 3.44 3.53 3.62 3.44 
2 + 16 54 54 54 — — 71 
54 54 67 71 66 
8.07 8.24 8.54 - - 7.51 
8.16 8.16 6.88 6.88 7.31 
3 + 12 52 54 54 — — 71 
53 53 70 75 69 
5.57 5.26 5.40 - - 5.42 
5.20 5.20 5.10 5.10 4.87 
4 + 7 55 54 54 — — 71 
55 55 73 78 72 
3.73 3.65 3.87 — — 3.86 
2.75 2.75 2.58 2.48 2.76 
5 + 5 51 53 53 -- -- 70 
51 51 70 75 69 
3.68 3.21 4.24 — — 3.00 
2.41 2.68 2.30 2.45 2.55 
^Average uncorrected length (mm), 
^Averane corrected length (mm). 
^Standard deviation of the uncorrected lengths. 
^Standard deviation of the corrected lengths. 
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7 8 9 10 
57 60 
59 60 
4.23 4.32 
3.31 3.74 
68 71 
64 66 
7.57 7.51 
7.31 7.66 
69 71 
67 69 
5.40 5.42 
4.99 4.99 
69 71 
73 73 
3.92 3.86 
2.75 3.76 
67 70 
66 69 
3.21 3.00 
2.68 2.55 
63 63 a 
59 63 b 
4.56 4.32 c 
3.07 3.41 d 
76 73 a 
67 68 b 
8.22 7.22 c 
6.95 7.44 d 
77 73 a 
75 71 b 
6.83 5.57 c 
5.97 4.87 d 
77 73 a 
80 74 b 
4.19 3.82 Ç 
3.18 2.34 d 
76 72 a 
78 71 b 
3.51 2.66 G 
2.88 2.86 
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However, the numerical differences between the MSD values of the 7 
equations that were applied were not significantly different. (2) 
Upon back-calculating the fish length at the first annul us (L^), the 
lowest values were obtained (Table 17) by applying the Dahl-Lea 
equations (1, 2, and 3), whereas the highest estimates were obtained 
by applying the quadratic logarithmic equation (9); The calculated 
lengths obtained by using the 10 equations were significantly 
different (F = 15.17**). (3) It is also evident that the values of 
standard deviation were generally higher in the calculated lengths 
obtained by applying the uncorrected equations than those obtained 
by applying corrected ones. This was predicted by Carlander (1981a) 
because the variances of scale size on the same fish would be 
eliminated. Since the real L] values were not known, the estimated 
Li values were considered only speculations of the real L values and 
thus, it could not be determined that one equation fit the data 
better than the other equations. So the question of which is the 
best equation remains unanswered. 
Carlander (1981a) stated that "the true body-scale relationship 
is probably curvilinear and often S-shaped for most species, but 
deviations from a straight line are usually so small over the size 
ranges of most significance that it is probably best to disregard the 
deviations except in very detailed studies of growth in one 
population." The curvilinearity of the body-scale relationship was 
found to be the case In the present data. This finding was 
supported by three observations as follows: (1) The observed body-
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scale relationship, as presented in Figure 8, is obviously a 
curvilinear one that does not match exactly with the straight line 
equation (L = 22.92 + 2.9036 S) which was derived to express it. (2) 
The TL/SR ratio started high in young fish then declined towards a 
constant value as the fish length became about 90 iron (Table 15). 
(3) The relationship between the total length of fish and the ratio 
of scale radius to scale diameter (see the section on scale radius/ 
diameter relationship) was found to decline as the scale changed 
shape from disc-like in young fish to a typical ctenoid form. 
Probably the most realistic body-scale equation would be the 
one which describes the relationship between the growth of a single 
fish throughout its life and its scales. Bergstedt (1977) mentioned 
that every fish and every scale has a past history of growth, the 
locus of which would describe a line ending with a point at the 
death of the fish or the removal of the scale. Unfortunately, this 
last point is the only one we can measure, and the nature of the 
true curve for any fish (not to mention the population) can only be 
guessed at. 
Many authors (Schuck 1949, Lagler 1956, Hile 1970, Weatherly 
1972, Bagenal 1974, Jonsson and Stenseth 1976, Bagenal and Tesch 
1978, Thoresson 1979) have reviewed different models that were used 
to express the body-scale relationship. Few workers (e.g., Jonsson 
and Stenseth 1976, Bergstedt 1977, Carlander 1981a) have made 
comparisons between more than one model by applying them to the same 
data. 
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Figure 8. Scatter diagram of the relationship between fish lengths 
and scale radii of 407 West Okoboji perch 
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Jonsson and Stenseth (1976) investigated the application of 
different regression equations on the body-scale sizes of brown 
trout. They concluded that the third and fourth degree polynomial 
fit the data more closely than the others. Previously, Carlander 
(1950b) found that the data on the body-scale relationship of 
saugers and yellow perch were best described by.a third degree 
regression equation. Apparently, this practice coincides with what 
Segestrale (1933) and Mile (1970) have mentioned, that the 
investigator is free of rules in answering the question of what 
length of fish matches a particular size of scale. However, such 
practice has its disadvantages. Whitney and Carlander (1956) and 
Carlander (1981b) have cautioned that a body-scale curve may be 
found to perfectly fit any particular sample, and the sample may 
not represent the population. Carlander (1981a, 1982) Indicated 
that the body-scale curve may vary considerably according to the 
type of sample and the year classes involved." 
With the development of computers, it is possible to calculate 
for a particular set of data a highly complicated regression 
equation that fits the data nearly perfectly. In this case, the 
more detailed the equation Is, the more specific it becomes in 
expressing particular data only. 
It is obvious, from the aforementioned discussion, that there 
are two Interconnecting problems that await a solution in the growth 
studies of fish. The first is the selected body-scale equation 
should fit the data at hand, and secondly, that such an equation 
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should render the results of various studies comparable. Since 
there is no "magic" equation that solves the two problems instantly, 
one of the two available major models has to be selected; the 
proportional, or the regression model. 
D. Role of Fish Sex and Season of Sampling 
on the Body-scale Relationship 
It has been suspected by some previous workers (e.g., Hile 
1970, Carlander 1981b} that the body-scale relationship might be 
affected by factors among which are the fish sex and the season in 
which fish are captured. Neither hypothesis has been tested before. 
To see whether sex affected the body-scale relationship, the 
data collected from area 4 was grouped according to the sex of fish, 
then subjected to a covariance analysis. Regression equations were 
calculated for each sex as: 
for males: TL = 17.40 + 2.2495 S, R^ = 0.8952 
and, for females: TL = 17.41 + 2.2390 S, r2 = 0.8921 
No significant difference was detected in the body-scale 
relationship between male or female perch (P = Û.9994). 
To test for any possible effect of the season of sampling on 
the body-scale relationship, the data were grouped according to 
season and subjected again to covariance analysis. Regression 
equations were computed for the four seasons (Table 18). The 
analysis indicated no significant difference between the four 
equations (P = 0.2624). More detailed and close examination of the 
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Table 18. Body-scale relationships of yellow perch obtained in 
the various seasons from West Okoboji 
Season No. of Regression equations 
fish 
Spring .95 TL = 26.53 + 2.2156 S 
Summer 210 TL = 20.78 + 2.1919 S 
Fall 50 TL = 16.91 + 2.4146 S 
Winter 75 TL = 23.27 + 2.2159 S 
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rate of growth of both variables might show a lag period between 
body and scale growth, but the effect upon the body-scale 
relationship Is probably negligible. Such a study might involve 
examination of the changes in the RNA/DNA ratio (a procedure 
explained in Bulow 1969 and Nasirl 1972) or by applying a 
radioactive isotope (Adelman 1980) on data collected on daily basis 
for a period that covers the season of growth initialon. This is to 
detect any lag period, if any, between the growth of fish In length 
and the growth of scales. 
E. Comparison Between Two Yellow Perch Populations 
Separate equations were calculated for West Okobojl and Clear 
Lake perch as: 
West Okobojl: TL = 22.92 + 2.2936 S, N = 407 
and. Clear Lake: TL = 28.91 + 2.1247 S, N = 70 
The covariance analysis (Table 19) indicated that the two equations 
have similar slopes (P = 0.3276), but different Intercepts 
CP = 0.0032). In the West Okoboji sample, 49% were over 200 ran but in 
the Clear Lake sample only 3% (Tables 5 and 6). To have a more 
equitable comparison, an equal number of fish (N = 70) of the same 
sizes were selected from the data of West Okoboji. The new regression 
equation for West Okoboji was: 
TL = 27.80 + 2.0412 S, N = 70 
In this case, no significant difference was obtained in the a^value 
between the two populations (P = 0.1602) over the tested range. 
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Table 19. Covanance analysis of the body-scale relationship for. fish 
from West Okoboji and from Clear Lake 
Character Okoboji Clear Lake R2 P 
No. of fish 210 70 
TL vs S (Intercept) 23.67 28.83 0.0233 
TL vs S (Slope) 2.1467 2.1447 0.9664 0.3276 
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The body-scale equations for yellow perch in Iowa waters were 
compiled in Table 20. The wide differences in the b values between 
some equations may be attributed to the use of different 
magnification in reading the scales. The differences in the a 
values may not indicate differences between the populations, since 
such differences may be attributed to differences in sampling or 
statistical analysis procedures. If a standard ai value had been 
used in all cases, there would be a more accurate means of comparing 
calculated growth. 
F. Number of Scales in the Lateral Line 
Scales in the lateral line (SLL) were counted in fish samples 
of West Okoboji and Clear Lake perch. No significant differences 
were obtained from the present data in the scale count between the 
two populations. The count of SLL is usually given as a range in 
characterizing a species or different stocks of the same species. 
Caution should be considered in interpreting such counts, since 
their ranges do not necessarily indicate changes between length 
groups nor between populations. Abnormal counts of SLL in some 
situations were reported by Mottley (1931), Koumans (1936), and 
Hubbs (.1941). In all of the cases, the fish had grown under abnormal 
conditions. 
The SLL counts were averaged for each 25 mm total length group 
in the two cases. The relationships between SLL and TL of West 
Okoboji and Clear Lake samples are presented in Tables 21 and 22, and 
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Table 20. Body-scale equations of Iowa yellow perch obtained by 
various authors 
Locali ty Regression equation Reference 
West Okoboji TL = 22.92 + 2.2036S present 
Clear Lake TL = 28.91 + 2.1247S present 
Clear Lake (1941-49) TL = 23.62 + 0.99® S Parsons (1950) 
Clear Lake (1950-62' TL = 46.99 + 0.99® S Hervey (1963) 
Clear Lake (1963-74) .TL = 44.70 + 1.058*5 Bergstedt (1977) 
East Lake TL = 32.26 + 0.9918S Lewis (1950) 
Spirit Lake TL = 19.43 +1.843 S Jennings (1970) 
West Okoboji TL = 30.70 + 1.058*5 Schmitt (1981) 
East Okoboji TL = 27.80 + 1.08935 Schmitt (1981) 
^Scale radius magnified to 43x. 
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Table 21. Number of scales in the lateral line (SU) by fish 
length groups of West Okoboji perch 
Total length No. of fish SLL range SLL mean 
(ram) 
25 3 62 - 63 62.3 
50 10 60 - 62 60.8 
75 5 60 - 62 60.8 
100 19 58 - 63 60.4 
125 12 60 - 61 60.5 
150 25 57 - 62 59.6 
175 13 58 - 64 59.7 
200 31 58 - 62 59.1 
225 28 54 - 63 58.7 
250 38 52 - 63 58.9 
275 17 57 - 61 58.7 
Combined 201 59.4 
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Table 22. Number of scales in the lateral line (SLL) by fish 
length groups of Clear Lake perch 
Total length No. of SLL fange SLL mean 
(mm) fish 
25 1 61.0 
50 9 58 - 61 60.1 
75 —— —— —— 
100 2 59-60 59.5 
125 2 59-61 60.0 
150 47 54 - 62 58.3 
175 3 55 - 60 57.0 
200 4 56 - 61 58.0 
225 1 55.0 
250 1 57.0 
Combined 70 58.5 
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in Figure 9 for the West Okoboji sample. Even though there was a 
slight decrease in the average count of SLL along the successive TL 
groups of both populations, such differences were not significant 
in either West Okoboji and Clear Lake samples (P = 0.1065), and P = 
0.1038 respectively). Also, no significant difference (P = 0.0656) 
is observed in the SLL count between males and females of West 
Okoboji perch (average. SLL is 59.24 and 59.99 in the males and 
females respectively). 
It could be concluded that the small variation in the SLL 
count is due to counting errors and to natural variation between 
individual fish, but not due to formation of new scales or loss of 
old ones as the fish grows in size. This finding is important 
because it does not reject the basic assumption that the growth of 
fish length and scale radius are directly proportional, provided 
that the degree of overlap between the scales does not change 
throughout the entire length range. The last hypothesis was not 
tested in the present study. 
6. Scale Radius/Diameter Relationship 
Since the annuli are not detectable on the posterior portion of 
the scale in most ctenoid scales, only radii are usually measured 
for growth calculation. The scale size as a covering of the fish 
surface is better measured as diameter. If the ratio of radius to 
diameter changes as the fish increases in length, the back-calculated 
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Figure 9. Relationship between the number of scales in the lateral 
line and total length of fish of 201 West Okoboji perch 
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lengths will be affected. 
The ratio of radius to diameter (R/D) was calculated for every 
scale then averaged for the four scales collected from each body 
area in every fish. The relationship between the two variables R 
and D was expressed in the form of R/D ratios as related to total 
length. R/D ratios were computed in the successive total length 
groups, and the relationship between TL and R/D ratio represented by 
regression equations (examples of these are presented in Table 23). 
No significant differences were observed in the aforementioned 
relationship between the 10 body areas. R^ values in all cases were 
noticeably low, and the slope, value in each case did not differ 
significantly from zero (P = 0.2348). Such preliminary findings 
reflect a very weakly positive or almost constant relationship 
between TL and R/D ratio. The remaining part of the analysis is 
based on the data derived from area 4. 
Upon detailed examination of the nature of changes in the R/D 
ratio throughout the total length groups (Figure 10), it was 
revealed that the R/D ratio started at a. low value of 0.54 when the 
TL was 35 mm, and increased to about 0.70 when the TL. increased to 
about 100 mm. As the fish increased in length beyond 100 mm, the 
R/D ratio only fluctuated in a nonsigni/lçaht jnanner around a 
i5»aQ value of about 0.72. The obvious change in the R/D ratio of 
small fish indicate that scales of young fish change in shape 
considerably before they assume a final shape. Such change in the 
scale shape was expected, since scales first appear as round discs 
88 
Table 23. Rectilinear regression between fish length and scale 
radius/diameter (R/D) ratios in various body areas 
of West Okoboji perch 
Area Regression equations R2 
2 S/0 = 0.6583 + 0.0004 TL 0.3058 
4 S/D = 0.6711 + 0.0003 TL 0.1846 
6 S/D = 0.6678 + 0.0003 TL 0.2177 
8 S/D = 0.6679 + 0.0002 TL 0.1039 
9 S/D = 0.6558 + 0.0004 TL 0.3303 
10 S/D = 0.6807 + 0.0002 TL 0.1161 
Figure 10. Scale radius/diameter (R/D) ratio as related to the increase in fish length Of 201 West 
Okoboji perch 
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on small fish before they start to change gradually to the typical 
ctenoid shape (Figure 11). Once the scale attains a certain size 
and shape at a certain length of perch, the scale focus does not 
shift in position and the scale radius to diameter ratio remains 
constant. 
It has been indicated before (Table 15) that the ratio between 
fish length and scale radius starts at a high value in the smaller 
fish then declines steadily until it attains a certain value at a 
certain fish length (90 ram), after which the ratio remains constant. 
Such findings coincide with the changes in the TL vs. R/D ratio in 
the body-scale relationship of young fish. The fact that the scales 
of young fish must grow fast to cover the body surface before they 
overlap (Carlander 1982), appears as the prime cause of 
curvilinearity in the lower part of the body-scale curve makes the 
calculation of fish growth (especially when a rectilinear regression 
is used) more difficult. The exact impact of such a factor in 
yellow perch is not determined. 
The curvilinear segment of the upper end of the body-scale 
curve also has to be explained. Previously it was suspected that 
if both the number of scales in the lateral line and the degree of 
overlap between scales increase at later stages of fish growth, then 
the observed curvilinearity would be explained. However, it has 
been proven that the number of scales does not change with fish 
growth. I offer alternative but not tested explanations: (1) 
yellow perch, among other fish, add more weight than length at later 
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Fîgure 11. Sketches from photographs of scales (a through e 
respectively) from 35» 50, 75, 90, and 120 mm total 
length yellow perch 
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ages and the growth constant in the weight-length equation (w = cL") 
is mostly higher than 3 (Joeris 1956 and Hervey 1963). Unless the 
degree of overlap between scales decreases, the rate of scale growth 
must increase at a higher rate than the fish length to cover the 
newly expanded body surface as a result of fish growth in width. 
(.2) since the scales which have been used routinely for growth 
studies of fish cover only the body proper and not the head or tail 
fin, only the length of body proper should be used in computing the 
body-scale relationship. If the rates of growth of the fish head 
and tail are not isometric with that of the body proper throughout 
the entire life of fish, curvilinearity in the total length-scale 
length relationship is a certain outcome. Nile and Jobes (1941) 
reported that the relative length of fish tail in yellow perch 
decreased with increase in fish length. Further study is needed to 
explore the aforementioned hypothesis. 
H. The Key Scale Practice 
Another special sampling procedure and test were done to 
investigate the idea that a key scale might become shifted in 
position as fish grow in length. Two key scales that were previously 
sampled from yellow perch by Joeris (1956) and El-Zarka 0 959) were 
sampled in the present study (Figure 2). When the number of scales 
were counted from the anterior origin and along the lateral line 
back to the positions from which the two key scales (KS-j and KS2) 
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had been collected, the scale count in each case varied with fish 
length. The scale count back to the position of KS-| ringed from 4 
to 7 scales, and to the position of KSg ranged from 8 tô 13, with the 
higher counts occurring in the smaller fish in each case (Table 24). 
Such a finding provided evidence that these practices of sampling 
certain key stales were not precise, where both KS^ and KS2 assigned 
on young fish became shifted backward as the fish Increase in 
length. 
The four scales numbered 4 through 7 above the lateral line, . 
and the six scales numbered 8 through 13 below the lateral line were 
sampled in the subsequent sample* of fish. The variability in scale 
sizes was computed in each case and compared to that of scales of 
area 4 in terras of coefficient of variation. The CV values for 
scales of KS^ and KS2 were measured as 5.71% and 3.42% respectively, 
which were relatively higher than that for area 4 (3.21). In 
addition, a separate body-scale regression equation was computed for 
both key scales as follows: 
TL = 48.15 + 2.4955 KS, 
and, TL = 25.89 + 2.2320 KS2 
Upon application of these two equations to estimate Lc, higher 
values of MSO were obtained than when the regression equation of 
area 4 was applied (Table 16). Scarnecchia (1979) indicated that 
scales taken from a "preferred" body area in the coho salmon yield 
results similar to those based on the "key" scale. 
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Table 24.. Scales count back to position of KS^ and KS2 as related 
to total lengths of fish 
KS-j No. of Corresponding KS2 No. of Corresponding 
count fish average count fish average 
total length (ran) total length (mm) 
4 5 225 8 3 227 
5 47 194 9 12 213 
6 37 181 10 31 209 
7 6 170 11 21 185 
12 20 166 
13 8 136 
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The preceding analysis provided evidence that sampling scales 
from area 4 results in obtaining less variability in the scale 
sizes and in the calculated fish lengths, and hence introduces less 
error in the growth measurements than the practice of sampling key 
scales. Also, the sampling of scales from area 4 would be less 
tedious and time consuming than searching for a particular key scale 
especially in the field, not to mention the possible wastage of 
samples if the key scale is missing or regenerated. 
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V. SUMMARY 
Two major criteria used for scale sampling for growth studies 
of yellow perch were least variability in scale size and least 
occurrence of regenerated scales. 
Among 10 body areas investigated, area 4, located 2 to 5 rows of 
scales below the lateral line at the tip of pectoral fin when it 
is depressed on the body surface satisfied the two conditions. 
Percentages of regenerated scales in the investigated body areas 
were found to increase with the increase in fish length and age. 
The optimum number of scales to be sampled from area 4. was three 
scales. This would ensure that 98% of the samples contain at 
least one readable scale, whereas when the number of readable 
scales sought was four, under the same conditions, the optimum 
number of scales to be sampled was six. 
A separate body-scale regression equation was computed for each 
of the 10 body areas. No differences were found in the slope, 
b, value among the 10 equations, but the intercept, a, value 
increased progressively from the caudal peduncle towards the 
anterior part of the body. Changes in the ai value were related 
to the reported order of scalation. 
Various models of the body-scale relationship were applied to 
the same set of data in order to compare the applicability among 
the different models. No single model was found to fit the data 
perfectly, and no significant differences were found between the 
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fitness of the various models. 
7. The use of a standard intercept,a, value was found to be 
convenient. Accordingly, standardization of the body area from 
which scales are sampled is necessary. 
8. The practice of sampling "key" scales was critically examined by 
investigating two well-identified key scales in yellow perch. 
Each of the two assigned key scales changed positions with 
increase in fish length. Overall, sampling scales from the best 
area, area 4, introduced less error to the growth of fish than 
either of the two key scales. 
9. Number of scales in the lateral line did not change with change 
in fish length, i.e. fish do not add new scales or lose old ones 
with increase in length. Differences in scale count were also 
negligible between the two sexes of fish. 
10. Scales of yellow perch changed both in shape and in size as the 
young fish increased in length. The relationship between the 
ratio of the scale radius/diameter and the fish length 
noticeably increased in the early stages of growth before the 
relationship became almost constant beyond 100 mm total length 
of fish. 
11. The changes in scale shape partially explained the curvilinearity 
in the faody»&cale relationship at the early stages of fish 
growth. Curvilinearity in larger fish may be related to the 
increased girth of the fish or nonisoroetric growth of the body 
length with head or tail length. 
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12. The body-scale relationship of yellow perch did not differ 
between the males and females. The relationship was also not 
affected by the season of the year in which the samples were 
collected. 
13. Lack of uniformity in the techniques used by previous authors 
interferes with comparison of the body-scale relationships 
determined for various yellow perch populations in Iowa. 
14. Results of the present study are applicable to the two yellow 
perch populations that were investigated. Application of the 
present techniques and results on other populations or species 
should be made with caution, hovever» the area selected is the 
same as has been most widely used. 
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VI. RECOMMENDATIONS 
The following steps are recommended in sampling and measuring 
scales of fish for studying the growth of yellow perch: 
1. Scales from yellow perch should be collected from 2 to 5 rows of 
scales below the lateral line around the tip of the pectoral fin 
when it is depressed on the fish body. This "best area" should 
be considered as a standard area for scale sampling for growth 
studies of yellow perch. 
2. Three scales should be sampled randomly from the best area if 
one readable scale is sought, and six scales should be sampled 
if four scales are sought. 
3. The scale radius along the raid-anterio-posterior axis should be 
measured for computing the body-scale relationship. 
4. To calculate the fish growth, the proportional model (Fraser-Lee 
equation) is a better choice for accurately expressing the fish 
growth than the regression model. 
5. To compare between various growth studies of one species, the 
use of a standard intercept, value is a reasonable approach. 
6. Standardization of the intercept, value should be accompanied 
by the standardization of the body area from which scales are 
collected. 
7. The practice of sampling key scales should be abandoned and 
replaced instead by sampling scales from the best area. 
8. Data for male and female yellow perch can be combined into one 
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data set to compute the body-scale relationship. 
Caution should be taken when comparing calculated growth from 
different populations. Unless standardized techniques are used 
to study fish growth of different populations, comparisons will 
be subjected to variation due to differences in techniques used. 
Further studies are necessary to investigate the following 
topics: the best area for scale sampling and standard 
techniques for growth studies in other fish species, whether a 
time lag exists between the growth of fish and scales, any 
change in the overlap between scales as the fish grow in width, 
and the effect of including the head length and tail length in 
addition to the length of body proper on the calculated body-
scale relationship. 
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